Polygonum cuspidatum, commonly called Japanese knotweed, is a member of the Polygonaceae family, which is widely distributed in Asia and North America. In India and Southeast Asia, its dry leaves are used as a kind of tobacco, and Japanese have eaten its stem as a foodstuff. On the other hand, in China, the dry roots are broadly utilized in traditional Chinese medicine for such conditions as anti-infl ammation disease, hepatitis and diarrhea (1) .
Since P. cuspidatum contains useful functional components such as anthraquinone and fl avonoid, it has been expected to be utilized as a functional components of functional foods (2) . Recently, resveratrol (3,5,4′-trihydroxystilbene) has been found to be one of the functional components (3) . Resveratrol is a naturally occurring polyphenolic phytoalexine found in grapes and red wine, in which its contents depend on environmental conditions (4) . Resveratrol and related phytochemicals were shown to have antioxidant, anti-infl ammation, anti-cancer, and lipid metabolism improvement effects (5) .
Resveratrol and its glucosides occur in high concentrations in the root of P. cuspidatum (6) . However, the outline of the composition of polyphenol compounds in P. cupidatum, including resveratrol, has not been understood in detail. In the present study, we attempted to 100 mL of 70% ethanol and allowed to stand for 20 min with stirring. After ethanol extraction, the mixture was centrifuged at 9,100 ϫg for 30 min. The pellet was reextracted with 50 mL of 70% ethanol. The extracts were combined, fi ltered with a fi lter paper and concentrated under reduced pressure at 38˚C with an evaporator. The residue was dissolved in 7.5 mL of ethanol and used in the following experiments.
Polyphenol compounds in leaves and stems of P. cuspidatum were extracted as follows. Pulverized P. cuspidatum leaves and stems were suspended in 100 mL of 70% ethanol and allowed to stand for 20 min with stirring, after which the mixture was centrifuged at 9,100 ϫg for 30 min. The supernatant was fi ltered with a fi lter paper and concentrated by the evaporator. The residue was dissolved in 10 mL of ethanol and used in the following experiments.
Analysis of polyphenolic compounds in the extracts obtained from roots, leaves and stems of P. cuspidatum. The extracts were subjected to reverse-phase high-performance liquid chromatography (HPLC) (Shimadzu Co., Japan) on an Atlantis TM dC18 column (3.9ϫ150 mm) equilibrated with 0.05% trifl uoroacetic acid (TFA). The polyphenol compounds on the column were eluted with a linear gradient of acetonitrile (0-80%) in 0.05% TFA for 50 min at a fl ow rate of 0.5 mL/min. The absorbance of the compounds eluted from the column was measured at 305 nm, and the components were subjected to structural analyses with UV/VIS, MS, and NMR spectrometries.
In addition, the molecular extinction coeffi cient (εmax) at 305 nm of standard resveratrol was set at 6,800 M Ϫ1 cm Ϫ1 in this work. Hydrolysis of the components isolated from the root extracts. The components isolated were hydrolyzed in 0.5 M HCl at 100˚C for 30 min. In order to elucidate the components derived from the original component, the hydrolysates were subjected to HPLC. HPLC was done in the same manner as described above.
Digestion of the components isolated from the root extracts with ␤-glucosidase. The components, isolated from the root extracts, were dissolved in citrate buffer (pH 5.0) and ␤-glucosidase (0.5 U/L) was added to the mixture in a total volume of 600 L. The reaction was carried out at 37˚C. After a 3-h incubation, 10 L of the reaction mixture was withdrawn, diluted 10-fold with distilled water and subjected to HPLC. The amount of glucose, produced by the action of ␤-glucosidase, was determined with an F-kit Glucose according to the manufacturer's instructions.
Spectroscopic analyses. For measurement of UV spectra, the samples were dissolved in distilled water. UV spectra were taken with a Beckman Coulter DU ® 800 spectrophotometer (Beckma Coulter Inc., USA). MS analyses were carried out using a Finnigan TSQ-700 quadrupole mass spectrometer with an Ultrix-32 operation system (Ion spray voltage, 5.5 V; ion multivoltage, 1.0 kV; fl ow rate of analyte solution, 5.0 L/min; concentration of analyte solution, 1.0 g/L). For NMR analyses, the samples were dissolved in methanol-d4 and their spectra were measured on a Bruker AV600 NMR spectrometer (Bruker Elektromik GmbH, Germany). Chemical shifts are expressed as relative values to the proton signal for the methyl groups of TMS ( 1 H NMR 0.0 ppm) or the carbon signal of CD3OD ( 13 C NMR 49.0 ppm). Analysis and preparation of dicaffeoyl quinic acids (DCQAs) in Kibimidori. Pulverized Kibimidori leaves were suspended in 70% ethanol and allowed to stand for 20 min with stirring, after which the suspension was fi ltered using celite. The combined extracts were dried up under reduced pressure at 50˚C with an evaporator. The residue was dissolved in water.
An aliquot of the extract was adjusted to pH 2.0 with 6 M HCl and then extracted with ethyl acetate. After concentration of the ethyl acetate layer obtained, the concentrate was applied on a Sephadex LH-20 column (3.0ϫ27 cm). The active components on the column were separated successively by a stepwise elution of methanol (0, 20, 40, 60, 80, 100%).
The 40% methanol fraction was collected and concentrated under reduced pressure, and then separated by HPLC on an Atlantis TM dC18 column (3.9ϫ150 mm) equilibrated with 0.05% TFA. The HPLC was performed by elution with a linear gradient of acetonitrile (0-80%) in 0.05% TFA for 80 min at a fl ow rate of 0.5 mL/min. After being eluted from the column the compounds were measured for absorbance at 325 nm. The peaks corresponding to 4,5-DCQA, 3,5-DCQA, and 3,4-DCQA were eluted at 44, 46, and 48 min, respectively. Each peak was collected and concentrated with a centrifugetype evaporator. The chemical structures of the components obtained were confi rmed by UV, MS and NMR spectrometries.
Assay of inhibitory activity against ␣-glucosidase. Acetone powder, prepared from rat small intestines, was suspended in 20 mL of 100 mM sodium phosphate buffer (pH 7.0) and centrifuged at 10,000 ϫg for 15 min. The resultant supernatant was used as the source of ␣-glucosidase. The specifi c activities of maltase in the supernatant were 0.8 U/mg. For the assay of inhibitory activities, a reaction mixture contained, in the fi nal concentrations, 25 mM maltose, 100 mM sodium phosphate buffer (pH 7.0), the enzyme solution prepared and a given amount of various inhibitors in a total volume of 50 L. The reaction was carried out at 37˚C. After a 15-min incubation, the reaction was stopped by heating the mixture at 100˚C for 5 min. The amount of glucose, produced by the action of ␣-glucosidase, was determined with an F-kit Glucose according to the manufacturer's instructions. One unit is defi ned as the amount of enzyme that releases 1 mol of glucose/min. Specifi c activity is expressed as U/mg of protein.
In the experiments with water-insoluble compounds such as resveratrol, the compounds were dissolved in ethanol, diluted 10-fold with 0.5% deoxycholic acid and subjected to the above assay. IC 50 values were obtained by calculation of the concentrations of the inhibitors at which they exhibited 50% inhibition against the enzyme activity in comparison with that in the absence of the inhibitor.
Determination of DPPH radical scavenging activity.
When DPPH is reduced by an antioxidant or a radical scavenging component, its purple color fades out and the absorbance of the reaction mixture at 517 nm decreases. In order to measure the radical scavenging activity of the isolated components, the bleaching rate of a stable free radical, DPPH, was monitored by following the absorbance at 517 nm in the presence of the component.
The reaction was started by addition of 100 M of the antioxidants in methanol to the methanol solution containing 800 L of 250 M DPPH in a total volume of 1 mL. A control experiment was done in the absence of any antioxidant in the manner described above.
In order to estimate the initial rate of DPPH radical scavenging reaction in the presence of polyphenol components, the reaction was followed as described above. Its initial rate is expressed as the instantaneous rate of the scavenging reaction at zero time, which represents ⌬OD517 nm per min (Fig. 1) . The instantaneous rate of ⌬OD517 nm per min is converted to nmol/min using the molar absorption coeffi ciency of 11,500 M Ϫ1 cm Ϫ1 at 517 nm for DPPH.
RESULTS

Analysis of polyphenol compounds in P. cuspidatum
Isolation and structural characterization of the polyphenolic components from its roots. The extract of P. cuspidatum roots was applied to an Atlantis TM dC 18 column. The polyphenolic components in the extract were separated on the column and components 1 and 2 were eluted at positions different from that corresponding to authentic resveratrol as the major components (Fig. 2) . The spectra of components 1 and 2 in the UV and VIS regions are shown in Fig. 2 . All spectra of the components were very similar to that of authentic resveratrol with a maximal absorption at 305 nm. This result suggests that these components may be related to resveratrol derivatives.
To further elucidate the structure of the components, components 1 and 2 were hydrolyzed in 0.5 M HCl at 100˚C for 30 min. The hydrolysates were subjected to HPLC in the same manner as described above, and a peak corresponding to authentic resveratrol came out. The compound obtained from components 1 and 2 showed a UV spectrum and MS pattern compatible with those of authentic resveratrol. Furthermore, glucose was detected in the hydrolysate. The MS analyses of the two components showed the same patterns and the [Mϩ1] ϩ of the components was shown to be m/z 391.1387, which corresponds to resveratrol derivatives with one molecule of glucose (C 20 H 23 O 8 ) (Fig. 3) . These fi ndings suggest that the major components in P. cuspidatum might be resveratrol glucoside.
Next, these components were digested with ␤-glucosidase at room temperature for 3 h. The hydrolysates were subjected to HPLC, and a peak corresponding to authentic resveratrol was observed (Fig. 4) .
Furthermore, when 92.9 nmol of component 1 was digested with ␤-glucosidase, 37.9 nmol resveratrol and 91.3 nmol glucose were released. When 113.2 nmol of component 2 was digested, 57.1 nmol of resveratrol and 118.0 nmol of glucose were recovered. Since the resveratrol produced was unstable under the above-mentioned reaction conditions, less than 50% of the original resveratrol contained in components 1 and 2 was detected. On the other hand, glucose was quantitatively recovered from the original components 1 and 2.
Considering that resveratrol is unstable in the abovementioned reaction conditions, the amount of resveratrol detected would be explainable theoretically. These results suggest that components 1 and 2 consisted of 1 mol of resveratrol and 1 mol of glucose with a ␤-linkage.
The above observations cannot explain the binding manner between glucose and resveratrol. The exact structures of components 1 and 2 were examined by Table 1 , the chemical shifts of component 1 were very similar to those of component 2, but the chemical shifts of the protons at C-2 and C-4, C-3′ and C-5′ of its resveratrol moiety were slightly different from those of component 2. According to data on the NMR spectrum reported by Jayatilake et al. (7), the chemical shifts of the protons at C-2 and C-4, C-3′ and C-5′ of its resveratrol moiety were shown to be near 6.53, 6.25, 6.82, and 6.82 ppm.
On the other hand, the chemical shifts of the proton in components 1 and 2 were shown to be near 6.46, 6.17, and 7.08 ppm and 6.79, 6.44, and 6.76 ppm, respectively, and the chemical shifts of the protons at C-3′ and C-5′ of component 1, and at C-2 and C-4 of component 2 were shifted to the lower fi eld (Table 1) . These results suggest that C-4′ of component 1 and C-3 of component 2 may be linked with glucose. We thus conclude that component 1 is resveratroloside, resveratrol-4′-␤-glucopyranoside, and component 2 is polydatin (piceid), resveratrol-3-␤-glucopyranoside. The coupling constant in the stilbene moiety of the two components measured 16.2 Hz, which means that the stilbene moiety has not a cis-structure, but a trans-structure.
Analysis of the polyphenolic components in P. cuspidatum leaves and stems. In order to elucidate polyphenolic compounds in the leaves and stems of P. cuspidatum, these compounds were extracted from the leaves and stems with distilled water or 70% ethanol. The extracts obtained were analyzed by HPLC in the same manner as described above (Fig. 5) . No peak corresponding to resveratrol was detected in the extracts of leaves or stems. In this case, a peak, which showed the absorption maximum of 325 nm, was detected and eluted at the position corresponding to authentic chlorogenic acid from the Atlantis TM dC 18 column. It is very likely that the major polyphenolic component detected in the leaves and stems of P. cuspidatum may be chlorogenic acid.
We also determined the contents of resveratroloside, polydatin and chrologenic acid in the roots, leaves, and stems of P. cuspidatum. The extracts obtained from roots, leaves and stems of P. cuspidatum were analyzed by HPLC and the amounts of resveratroloside, polydatin and chrologenic acid are summarized in Table 2 . In the roots, resveratrol was detected to occur only at one-twentieth of the concentration of its glucosides. On the other hand, no resveratrol-related compounds were detected in the other parts of the plant.
␣-Glucosidase inhibitory activity of the major polyphenolic components in P. cuspidatum
We had already reported the ␣-glucosidase inhibitory activities of some polyphenolic compounds including chlorogenic acid (8) . In the present study, we examined the ␣-glucosidase inhibitory activity of resveratrolrelated compounds. The IC 50 values of the polyphenol compounds such as resveratrol-related compounds are listed in Table 3 . Of the compounds, the IC 50 values of pyrocatechol, quercetin and catechins had been described in the previous paper (8) . As shown in the table, two resveratrol glucosides, resveratroloside and polydatin, inhibited ␣-glucosidase more strongly than resveratrol. In particular, resveratroloside with the IC50 values of 0.56 mM was found to be a more potent inhibitor than chlorogenic acid. In comparison to our previous report (8) , resveratroloside showed an inhibitory activity like that of quercetin.
To date, many ␣-glucosidase inhibitors have been iso- . Elution patterns of polyphenolic compounds in the stem and leaf extracts and authentic chlorogenic acid. The polyphenol compounds in the stem and leaf extracts and authentic chlorogenic acid were applied to an Atlantis TM dC18 column. The compounds were eluted in the same manner as described in the footnote in Fig. 2 . The UV spectra of A-1, B-1 and authentic chlorogenic acid are shown in the right panel. A, the stem extract; B, the leaf extract; C, authentic chlorogenic acid. IC50 values were obtained by calculation of the concentrations of the inhibitors at which they exhibit 50% inhibition of the ␣-glucosidase (maltase) activity by comparison to that without the inhibitors. Values represent meanϮSD (nϭ3). 1 One mM resveratrol showed 15% ␣-glucosidase inhibitory activity against maltase. 2 One mM polydatin showed 40% ␣-glucosidase inhibitory activity against maltase.
lated from various plants, and their hypoglycemia effects have been reported (9) (10) (11) . The present fi ndings confi rm the idea that resveratrol glucosides might have an antihyperglycemia effect.
DPPH radical scavenging activity of the major polyphenolic components in P. cuspidatum
The method with xanthine oxidase (XOD) for the assay of the antioxidation activity can evaluate the ability of radical scavenging. However, the method is not adequate to evaluate quantitatively the radical scavenging reaction of the antioxidant. Therefore, we examined the radical scavenging activity of antioxidants using the radical scavenging system with DPPH instead of the XOD-xanthine system. Figure 1 shows the time course of a DPPH radical scavenging reaction in the presence of an antioxidant. The instantaneous rate of the DPPH-decreasing curve at zero time represents the initial rate of the radical scavenging reaction and reveals the strength of the DPPH radical scavenging activity of the antioxidant. Table 4 shows the initial rates of DPPH radical scavenging with polyphenol compounds including resveratrol-related compounds. The initial rates of the radical scavenging activities of resveratrol, resveratroloside, and polydatin were 0.10, 0.13, 0.13 mol/min, respectively. No difference in the radical scavenging activity between resveratrol and its glucoside was detected. On the other hand, the initial rates of DCQAs were much larger than that of chlorogenic acid, and ranked second to ascorbic acid of polyphenol compounds. The initial rates of the radical scavenging of catechol and gallol were shown to be slow.
DISCUSSION
As described in the introduction section, P. cuspidatum contains functional components such as resveratrol, and, therefore, is expected to be applied to the development of new foods with new functions (2, 6) . The chromatography of the polyphenolic compounds in the root extract on an Atlantis TM dC 18 column yielded two peaks, which were different from that corresponding to authentic resveratrol. The ensuing analyses of the components in the two peaks by UV, MS and NMR spectroscopies established that the purifi ed major components were resveratroloside and polydatin.
Recently, although many studies on resveratrol contained in the root of P. cuspidatum have been reported, its functions were reported to be different, from depending on its varieties and the countries in which the plant grew (12). Fan et al. (13) reported that the existing forms of the resveratrol-related compounds in the roots depend on the varieties of P. cuspidatum. A wild plant was shown to contain polydatin and resveratroloside, and the other varieties were found to contain piceatannol glucoside, in which its glucose moiety is linked by the ␤-glucosidic linkage with a hydroxyl group at C-3′ of resveratrol, in addition to the two resveratrol-related compounds (13) which were found to be in the roots in the present study. Thus, together with our fi ndings, these studies demonstrate that the resveratrol glucosides occur in the root part of the wild plant. However, interestingly, no free resveratrol or its derivatives could be detected in the extracts of the leaves and stems, but one of the major polyphenol compounds was shown to be chlorogenic acid. The present study is the fi rst report on the systematic analysis of polyphenol compounds in the whole body of the plant.
As described above, many studies on the functionality of resveratrol have been reported to date (3, 14 -16) . Pceid (polydatin), a resveratrol glucoside obtained from P. cuspidatum, was shown to have lipid-lowering effects in hyperlipidemic hamsters (17) . However, the functionality of resveratroloside has never been characterized.
In the present study, we investigated ␣-glucosidase inhibitory activities and DPPH radical scavenging activities of polyphenol compounds containing resveratrol derivatives and chlorogenic acid, which are elucidated to be major components of P. cuspidatum.
Various polyphenol compounds such as quercetin showed inhibitory activities against ␣-glucosidase, and resveratroloside exhibited the same inhibitory activity as quercetin did. Our previous paper (8) reported that the catechol-type structure with two hydroxyl groups at C-1 and C-2 of the benzene rings is responsible for the expression of inhibitory activity against ␣-glucosidase. Although quercetin has the above catechol structure, resveratroloside has two phenolic hydroxyl groups at The present study shows that resveratrol glucosides have strong radical scavenging activities in comparison with that of resveratrol. Our results are similar to that described in the previous report (19) . In order to compare the radical scavenging activities of resveratrol derivatives with those of chlorogenic acid-related compounds, the radical scavenging activities of chlorogenic acid-related compounds were examined in detail. As a result, DCQAs, in which two caffeoyl groups combine with quinic acid, showed stronger radical scavenging activity than chlorogenic acid. This fi nding is compatible with Izuta's report (20) . They suggested that the effects of DCQAs on the radical scavenging activity may depend on the caffeoyl groups.
For the antioxidation of polyphenol compounds, it is very important that polyphenol compounds have the catechol structure. Moreover, ascorbic acid with an endiol structure was found to have strong radical scavenging activity. These fi ndings suggest that compounds with a catechol-or an endiol-structure may exhibit strong radical scavenging activity.
Furthermore, we examined the initial rates of the radical scavenging reaction with the above-mentioned polyphenol compounds in order to elucidate the inhibition mode for the radical scavenging of DPPH. Subsequently, resveratrol derivatives showed one-ninth of the initial rate obtained with ␣-tocopherol ( Table 4) . The initial rate obtained with chlorogenic acid showed three-fold as strong activity as that of resveratrol. On the other hand, DCQAs showed twenty-fold larger rates than that of resveratrol. These fi ndings suggest that resveratrol and its glucosides show slow-acting effects on the radical scavenging activity, and that DCQAs have very fast-acting effects. Ascorbic acid showed the most potent effect on the radical scavenging of the compounds tested. The components with fast-acting radicalscavenging effects, such as ascorbic acid and DCQAs, would be very effective to immediately remove radical species formed in foods and so on, whereas components with slow-acting radical-scavenging would be suitable to gradually remove radical-scavenging radical species formed over a long time.
Recently, we analyzed the dried leaves of Kibimidori as described under "Materials and Methods," and found that the leaves contained 11.2 mg/g of 3,5-DCQA, 3.4 mg/g of 4,5-DCQA, 3.1 mg/g of 3,4-DCQA, and 4.9 mg/g of chlorogenic acid. This fi nding suggests that Kibimidori could be utilized as the origin of DCQAs. The above observations provide new information on the development of food with resveratrol derivatives and chlorogenic acid derivatives as radical scavengers.
In conclusion, in the present study, the outline of the polyphenolic compounds in all the parts of P. cuspidatum was elucidated, and resveratrol derivatives and chlorogenic acid were shown to occur as major components. ␣-Glucosidase inhibitory activity and DPPH radical scavenging activity of the components were examined. Subsequently, the structural characteristics of polyphenol compounds such as chlorogenic acid derivatives and resveratrol derivatives were found to be connected with the radical scavenging. The present study is the fi rst report on the ␣-glucosidase inhibition by resveratrol derivatives and the properties of DPPH-radical scavenging activity with resveratrol derivatives and chlorogenic acid derivatives elucidated by initial rate analyses. However, the mechanism by which the compounds scavenge DPPH radical remains to be further examined using methods other than DPPH-radical scavenging assay.
